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Endometrial adenocarcinoma is the most common gynecologic
malignancy in the United States. However, reliable diagnostic or
prognostic tumor markers have not been identified for endome-
trial cancer. In this study, we examined whether urokinase plas-
minogen activator receptor (UPAR), a glycosyl-phosphatidylinosi-
tol-linked membrane protein, is a candidate diagnostic or
prognostic marker for patients with cancer of the endometrium.
Sixty-five surgically excised, formalin-fixed endometrial tissue
specimens were accessioned through the Department of Pathology
Registry at the University of California, Los Angeles, and analyzed
for UPAR expression by using immunohistochemical techniques. A
retrospective review was also performed to determine stage and
histopathologic grade of disease, recurrence, and mortality. No
expression of UPAR protein was present in seven patients with
benign neoplasia of the endometrium. UPAR protein expression
highly correlated with stage of disease (ungrouped Spearman
correlation � 0.625, P < 0.0001): 40% of patients with stage I, 66%
of patients with stage II, 100% of patients with stage III, and 85%
with stage IV demonstrated the highest level of UPAR expression.
Moreover, high UPAR expression positively correlated with grade
of disease (ungrouped Spearman correlation � 0.71, P < 0.0001):
29% of grade 1 specimens, 57% of grade 2, and over 90% of
specimens with grade 3, the majority representing uterine papil-
lary serous carcinoma and mixed malignant mesodermal tumor.
Finally, UPAR protein expression also positively correlated with
rate of recurrence and mortality in patients with adenocarcinoma
of the endometrium (ungrouped P � 0.034). Our data suggest that
UPAR is a useful prognostic marker for biologically aggressive
forms of endometrial cancer.

Endometrial cancer is the most common malignancy of the
female genital tract in the United States (1). More than

36,100 new cases of endometrial cancer were diagnosed in the
year 2000 with more than 6,500 deaths reported in the same year
(1). Clinical parameters such as the stage of disease, nuclear
grade, histologic subtype, and tumor size seem to correlate with
outcome of disease. Unfortunately, no reliable prognostic tumor
markers have been identified to date.

A prognostic marker needs to be an independent factor that
not only guides treatment but also has an impact on patient
survival. These criteria are rarely satisfied because most candi-
date prognostic markers fail to distinguish between tumors that
require adjuvant treatment and those that do not. For example,
tumor suppressor gene(s) (e.g., p53), oncogene(s) (e.g., HER-
2�neu, K-ras), and DNA repair gene(s) (e.g., hMLH1), micro-
satellite instability, and�or protein-tyrosine phosphatase
(PTEN) mutation and�or ras mutation have played a role in
endometrial cancer (2–9). However, none of these genes have
proven to be clinically useful prognostic markers for endometrial
cancer. Therefore, we sought to identify potential molecular
difference(s) that correlated with recurrence and mortality rates
in patients with endometrial cancer to identify a prognostic
marker for aggressive forms of endometrial cancer.

Recently, Foca et al. (10) demonstrated that urokinase plas-
minogen activator receptor (UPAR) mRNA levels correlated

with the invasive potential of endometrial carcinomas and
showed a 33-fold increase in UPAR mRNA levels in advanced
clinical stage endometrial tumors compared with normal endo-
metrial tissue. Furthermore, the increase in UPAR mRNA levels
also correlated linearly with the progression of disease stage.
UPAR is a glycosyl-phosphatidylinositol-linked membrane pro-
tein lacking transmembrane and cytosolic domains (11, 12) that
participates in the localization of plasminogen activation to the
cell surface. This cell surface activity facilitates cellular move-
ment by proteolytic extracellular matrix degradation for tumor
cell invasion, chemotaxis, and cellular adhesion (13–17).

In the current study, we examined whether UPAR protein
expression correlated with (i) the grade and stage of endometrial
cancer and (ii) recurrence and mortality rate in patients with
endometrial cancer. Our goal, ultimately, was to determine
whether UPAR protein could be used as a candidate prognostic
marker for patients with cancer of the endometrium.

Materials and Methods
Patients and Tissue Specimens. Paraffin-embedded endometrial
tissue samples from 65 patients were obtained from the Depart-
ment of Pathology, University of California, Los Angeles. The
seven samples of nonneoplastic endometrial tissue were ob-
tained from hysterectomy specimens performed for prolapsed
uterus and leiomyomata. A total of 58 endometrial carcinomas
were evaluated: 40 were endometrioid-subtype adenocarcino-
mas of various grades, 12 were uterine papillary serous carci-
noma (UPSC), and 6 were mixed malignant mesodermal tumor
(MMMT). Among patients with endometrioid adenocarcinoma, 21
had grade 1, 11 had grade 2, and 8 had grade 3 disease (Table 1).

Immunohistochemical Procedure. Tissue localization of UPAR was
evaluated by using a polyclonal goat anti-human UPAR antibody
(R&D Systems, no. AF807). Paraffin tissue sections were cut at
2-�m thickness, mounted on Snow coat X-tra slides (Surgipath,
Richmond, IL), and baked overnight at 60°C. Slides were
deparaffinized in xylene, rehydrated, and incubated in 3%
hydrogen peroxide�absolute methanol for 10 min to block
endogenous activity. The sections were pretreated in 1% Tween
20 (Sigma) and prepared in PBS at 37°C for 30 min. Slides were
then sequentially incubated in primary goat anti-UPAR anti-
body diluted 1:50 for 16 h at 4°C, rabbit anti-goat IgG (Dako)
diluted 1:50 for 15 min, followed by Envision� (goat anti-rabbit,
Peroxidase, Dako) for 30 min. The slides were further incubated
in diaminobenzidine and hydrogen peroxide solution for detect-
ing UPAR signal. Slides were counterstained with hematoxylin.
In immunodepletion experiments, the goat anti-human UPAR
antibody was mixed with purified recombinant human UPAR
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protein (R&D Systems, no. 807-UK) at a ratio of 1 �g to 50 �g
in 0.4 ml of buffer and incubated for 16 h at 4°C.

UPAR Measurement by Immunohistochemistry. The immunohisto-
chemical localization of UPAR protein was scored in a semi-
quantitative fashion, which incorporated the analysis of both the
intensity and the percentage of distribution of specific staining.
The evaluations were recorded as percentages of positive stain-
ing which were denoted as 0 (no staining), 1� (weak staining but
detectable above control), 2� (distinct), and 3� (intense stain-
ing). We categorized staining intensities of 1� or 2� into the low
group and 3� into the high group to help focus on the most
abundant UPAR protein staining. Evaluation of tissue sampling
was performed by two qualified observers, independently and
blinded.

Clinical Data. Human Subject Protection Committee approval was
obtained from UCLA Medical Center. A retrospective review of
clinical data pertaining to 58 patients with a diagnosis of
endometrial cancer, who underwent primary surgical staging at
UCLA Medical Center, was performed (Table 1). All patients
were staged according to the FIGO classification for endome-
trial cancer (18). Specimens with a diagnosis of endometrioid
adenocarcinoma were graded: well differentiated (grade 1),
moderately differentiated (grade 2), or poorly differentiated
(grade 3). The data extracted included histologic subtype of
endometrial cancer, FIGO stage and histopathologic grade of
disease, recurrence rate of disease, and time interval to recur-
rence, disease-free and overall survival. The median age of our
study population was 66 years (range, 36–93). The median
follow-up time was 12.8 months (range, 1–78 months).

Statistical Analysis. Associations between ordinal scores (e.g.,
UPAR protein expression vs. stage of disease, UPAR protein
expression vs. grade of disease) were assessed by using Spearman
correlations. Survival or recurrence over time was estimated by
using Kaplan–Meier methods; P values for survival or recurrence
comparisons were computed by using the log-rank test. All
statistics were computed by using SAS software version 8 (SAS
Institute, Cary, NC). Statistical analyses of data were calculated
both for ungrouped and grouped statistical data. The ungrouped
values were obtained from statistical analysis of stage 0, Ia, Ib,
Ic, 2a. . . 4b or grade 1, 2, 3, as a function of UPAR protein
expression 0, 1�, 2�, 3�. The grouped values were derived from
statistical analysis of stages I and II or grades 1, 2, 3 as a function
of low (1�, 2�) or high (3�) UPAR protein expression.

Results
UPAR Protein Expression Is Abundant and Specific in Adenocarcinoma
of the Endometrium. UPAR protein is not detected in normal
endometrium (Fig. 1a), whereas UPAR protein is highly ex-
pressed in specimens representing poorly differentiated (grade
3) endometrioid adenocarcinoma (Fig. 1b). The specificity of the
UPAR antibody was confirmed by staining the sections with
preimmune serum (Fig. 1c) and also by immunodepletion of the
anti-UPAR antiserum with recombinant UPAR protein (Fig.
1d). UPAR protein staining was not observed in any of the seven
benign specimens (data not shown).

UPAR Protein Expression Correlated with the Histologic Grade of
Endometrial Cancer. UPAR protein is not expressed in normal
endometrium (Fig. 2a) and minimally expressed in well dif-
ferentiated (grade 1) endometrioid adenocarcinoma (Fig. 2b).
In contrast, UPAR protein is highly expressed in specimens
from patients with poorly differentiated (grade 3) endometri-
oid adenocarcinoma (Fig. 2c), and an extremely aggressive
subtype of endometrial cancer, UPSC (Fig. 2d). UPAR protein
expression correlated with grade of disease in endometrioid
subtypes of endometrial carcinoma (ungrouped Spearman
correlation � 0.71, P � 0.0001; grouped Spearman correla-
tion � 0.440, P � 0.0015; Table 2). Highest levels of UPAR
protein expression were noted in 29% of grade 1 specimens,
57% of grade 2, and 91% of specimens with grade 3 (Fig. 3a).
In patients with endometrioid adenocarcinoma only (excluding
patients with UPSC and MMMT cancers), highest levels of
UPAR protein expression were noted in 29% of grade 1
specimens, 45% of grade 2, and 87% of specimens with grade
3 (Fig. 3b).

UPAR Protein Expression Correlated with the Stage of Endometrial
Cancer. UPAR protein expression also correlated with stage of
disease (ungrouped Spearman correlation � 0.625, P �
0.0001; grouped Spearman correlation � 0.559, P � 0.001,):
45% of patients with stages I and II and 90% of patients with
stages III and IV demonstrated the highest level of UPAR
expression (Fig. 3c and Table 2). Of patients with endometri-
oid adenocarcinoma only (excluding patients with UPSC and
MMMT cancers), 38% of patients with stages I and II and 83%
of patients with stages III and IV demonstrated the highest
level of UPAR expression (Fig. 3d and Table 2). The median
follow-up was 12.8 months.

UPAR Protein Expression Correlated with Endometrial Cancer Recur-
rence Rate and Mortality Rate. At follow-up, 11% recurrence and
7% mortality was found in patients whose tumors expressed low
levels of UPAR expression, and 89% recurrence and 93%
mortality was noted when tumors of patients expressed high
levels of UPAR protein (Fig. 3e). The P value for mortality or
recurrence rates as a function of UPAR protein expression is P �
0.034 by the log-rank test. Thus, increasing UPAR protein
expression is associated with an increased recurrence and mor-
tality rate.

Discussion
Prognostic tumor markers provide information that is indepen-
dent of conventional predictors of outcome such as grade and
stage of the tumor. Endometrial cancer is the most common
gynecologic malignancy in the United States and is associated
with more than 6,500 deaths per annum (1). The candidate
tumor markers currently in use for endometrial cancer, including
p53, HER-2�neu, K-ras, and hMLH1, do not correlate with stage
of disease, nuclear grade, and histologic subtype (2–5). Further-
more, no prognostic markers correlate with recurrence rate and
mortality rate in endometrial cancer.

Table 1. Distribution of FIGO stage, histologic subtype, and
grade in 58 patients with endometrial cancer (endometrioid,
UPSC, and MMMT)

FIGO stage Grade 1 Grade 2 Grade 3 Total

I 17 (53%) 10 (31%) 5 (16%) 32
II 3 (50%) 1 (17%) 2 (33%) 6
III 1 (14%) 1 (14%) 5 (72%) 7
IV 0 (0%) 2 (15%) 11 (85%) 13
Total 21 14 23 58
Endometrioid total 21 11 8 40

Summary of the clinical data for the 58 patients with a diagnosis of
endometrial cancer (endometrioid, n � 40; UPSC, n � 12; MMMT, n � 6).
The correlation of grade with stage was statistically significant (ungrouped
Spearman correlation � 0.588, P � 0.001). The data extracted included
histologic type of endometrial cancer and FIGO stage. Specimens from
patients with a diagnosis of endometrioid adenocarcinoma were graded:
well differentiated (grade 1), moderately differentiated (grade 2), or
poorly differentiated (grade 3).
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UPAR is a glycosyl-phosphatidylinositol-anchored glycopro-
tein that, by regulating membrane-associated plasmin activity,
facilitates cellular movement for tumor-cell invasion, chemo-
taxis, and cellular adhesion (13–17). UPAR protein exists in two
forms, as the glycosyl-phosphatidylinositol-anchored glycopro-
tein (50–60 kDa) present on the surface of most cells, and a
soluble form of UPAR (sUPAR), produced after cleavage of
UPAR by urokinase (35 kDa), present in very low levels in the
serum of healthy individuals. UPAR activation ultimately leads
to the degradation of the extracellular matrix, which seems to be
necessary for functions as diverse as the local invasion and
metastasis of tumor cells and for nerve growth factor-induced
PC12 cell neurite outgrowth (19–21). Pacheco et al. (22), using
Northern blot analysis, measured the coexpression of the matrix
metalloprotease MMP-9, UPA, and UPAR mRNAs in biopsy
samples from patients with breast cancer and found that in-
creased UPAR mRNA levels were associated with poor prog-
nosis. In addition, it has been reported that sUPAR is a useful
prognostic marker for patients with ovarian, breast, prostate, and
colon cancer (23–27), although sUPAR has no known physio-
logical function.

Sier et al. (27) assayed the ascites and the serum of patients
with ovarian carcinoma for the sUPAR and compared the results
with serum concentrations of an established diagnostic marker,
CA-125. Most of the patients with ovarian cancer had enhanced
preoperative serum levels of sUPAR compared with healthy
controls, and high preoperative levels of sUPAR were associated
with decreased patient survival, whereas CA-125 had no prog-

nostic implication (27). Kruger et al. (28) showed that the
overexpression of sUPAR impairs proteolysis, tumor growth,
and metastatic potential of breast carcinoma cells in vivo.
McCabe et al. (24) observed markedly elevated sUPAR levels in
serum samples from patients with prostate cancer compared
with healthy individuals and showed that elevated sUPAR levels
correlated with mortality rates. Moreover, sUPAR levels in
preoperative plasma from patients with colorectal cancer also
independently predicted survival (10). In contrast, sUPAR has
not yet been shown to correlate with the outcome of endometrial
cancer.

Foca et al. (10) demonstrated that UPAR mRNA levels
correlated with the invasive potential of endometrial carcino-
mas. A 33-fold increase in UPAR mRNA levels was observed,
from normal endometria to advanced clinical stage carcinomas
and showed a near linear increase with each progression in
clinical stage (10). Tecimer et al. (29) assessed UPA, UPAR,
and PAI-1 levels in extracts of endometrial cancer tissue by
using ELISA and correlated their expression levels with tumor
histology, stage and grade of disease, and recurrence rate.
Although PAI-1 was a predictor of survival, in these studies
UPAR did not show any significant correlation (29). More
recently, Nordengren et al. (30) quantified UPAR protein by
ELISA in homogenates of 274 samples of endometrial cancer
tissue and found no correlation with patient survival; however,
only patients with FIGO surgical stage I–II were used in their
study. We believe that immunohistochemistry was the ideal
technique for our study. We wanted to assess the pattern of

Fig. 1. UPAR protein expression is abundant and specific in adenocarcinoma of the endometrium. Immunohistochemistry was performed on paraffin-
embedded tissue sections by using a polyclonal goat anti-human UPAR antibody and counter stained with hematoxylin. Normal endometrium tissue does not
express UPAR protein (a), whereas UPAR protein is abundantly expressed in specimens representing poorly differentiated (grade 3) endometrioid adenocar-
cinoma (b). UPAR protein expression is absent in the preimmune antibody-only control (c) and blocked when recombinant UPAR protein is preincubated with
UPAR antibody before staining (d). (Original magnification: �400.)
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UPAR protein expression in samples from patients with
endometrial cancer. Immunohistochemistry was selected for
the following reasons: (i) to permit the use of accessible
banked paraffin-embedded tissue, (ii) to identify which endo-
metrial cell type (e.g., normal, premalignant, well differenti-
ated, or poorly differentiated adenocarcinoma) was expressing
the UPAR protein, and (iii) to avoid the risk of misinterpreting
tissue-sample ELISA data inherent to the analysis of hetero-
geneous frozen tumor tissue. Although we advocate the use of

ELISA for measuring UPAR levels in patient serum, frozen
tissue samples labeled as ‘‘poorly differentiated’’ may have foci
of normal, premalignant, or well differentiated tumor cells
present in the sample, leading to ‘‘dilution’’ of UPAR protein
in the ELISA assay. A false decrease in levels of UPAR protein
may result. Alternatively, tissue samples labeled as ‘‘well
differentiated’’ may have been ‘‘contaminated’’ with foci of
poorly differentiated tumor cells resulting in a false increase in
levels of UPAR protein on ELISA analysis. In either scenario,

Fig. 2. The degree of UPAR protein expression correlates with histologic grade in specimens from patients with adenocarcinoma of the endometrium.
Immunohistochemistry was performed on paraffin-embedded tissue sections by using a polyclonal goat anti-human UPAR antibody and counter stained with
hematoxylin. UPAR protein is not expressed in normal endometrium (a) and minimally expressed in well differentiated (grade 1) endometrioid adenocarcinoma
(b). However, UPAR protein is abundantly expressed in specimens from patients with poorly differentiated (grade 3) endometrioid adenocarcinoma (c) and UPSC,
a more aggressive subtype of endometrial cancer (d). (Original magnification: �400.)

Table 2. Relation between UPAR protein expression and clinicopathologic data

Adenocarcinoma of the
endometrium

Endometrioid Endometrioid, UPSC, MMMT

UPAR protein expression

Low High Low High

n � 22 % n � 18 % n � 23 % n � 35 %

Grade 1 15 71% 6 29% 15 71% 6 29%
Grade 2 6 55% 5 45% 6 43% 8 57%
Grade 3 1 13% 7 87% 2 9% 21 91%
Stage I � II 21 62% 13 38% 21 55% 17 45%
Stage III � IV 1 17% 5 83% 2 10% 18 90%

UPAR protein expression correlates with the grade and stage of disease in patients with adenocarcinoma of the endometrium and is statistically significant
(grade vs. UPAR protein expression: ungrouped Spearman correlation � 0.710, P � 0.0001; grouped Spearman correlation � 0.440, P � �0.0015; stage vs. UPAR
protein expression: ungrouped Spearman correlation � 0.625, P � 0.0001, grouped Spearman correlation � 0.559, P � �0.001). There was no UPAR protein
staining observed in any of the seven benign specimens.
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the ELISA data may not permit or may conceal a real and
statistically significant underlying difference between study
conditions.

Our data show that UPAR protein expression highly corre-
lates with the histologic grade and stage of disease of patients
with endometrial cancer. Moreover, our data demonstrated that
UPAR protein expression correlates with recurrence and mor-

tality rate in patients with endometrial cancer, which suggests
that UPAR protein measurement can yield promising prognostic
information for patients with endometrial cancers.
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